
\ \ '  . 
COVER SHEET FOR TECHii I C A L  MEtdORhf~DL~E.1 

TITLE- An Approach to Manned 
Space Flight A 

i 
f 

a 

TM-69-1013-5 i 
! 
t 

DATE- May 13, 1 9 6 9  I 

i 
AUTHOR(  SI- D. Ilacchia 

M. I I .  S k e e r  

i 

I 

. ., 

! 

i 

. ..I 

7 
i 

179-71831 

I 
- -  .. .. ... . .. . _--- . .  



t. 1 
r--p 

' I  

, !  

' - 1  

L .  .: 

. I  

. .  

i !  

TITLE-  An Approach t o  Nanned 
Space F l i g h t  

F I L I N G  C A S E  N O ( S ) -  105-3 

F I L I N G  S U B J E C T ( S ) -  Comon Space Hardware 
( A S S  I G H E D  BY AUTHOR( S)- 

AEiSTRbCT 
-I 

AUTHOR( S)- D .  Elacchia 
M .  I I .  Skee r  

ObIjectives mid overa1.l r a t i o n a l  e a r e  s t a t e d  i n  t h e  
i 11 i ti a 1 s e c t i. on s . i) i s cu s s i o 11 of ha r-cl~.;a CI and ty;-) i. c 2.1 m i  5; :: i. o !I 5: 

fol low.  A b l a r s  landj ng m i ~ s s i o n  is consj.dc:rcd i n  r e1a t ivc l .y  
g r e a t e r  d e t a i l  s i n c e  new o p e r a t i o n a l  and d e s i g n  c o n c e p t s  are 
i n t roduced .  

1' . i 
t i 

SEE REVERSE S I D E  F O R  DISTRISUTIO!! LIST 



BE L I- CO :.i I i, i N C , 

b 

I 

L 

CO R R E S P O  !4 CIE i.1 C E F IL E 5: 

O F F I C I A L  F I L E  COPY 

p l u s  one w h i t e  c o p y  f o r  e a c h  
add i t i on01  c o s e  re ferenced 

T E C H N I C A L  L I B R A R Y  ( 4 )  

w. 0 .  
J. K, 
C. J. 
8 .  F. 
17. 1:. 
I ; . !? . 
LT. L+ 
J . E 
v. N. 
R. k?. 
D. R. 
R. F. 
M. F.  
B. G .  
A. D. 
R.  A. 
A. 0.  
R. G.  
!*I G . 
J . W . 
N. I I .  

>is F'C 

TM- 69-1013-5  

UI STR!ZUTI@N 

MSC 

R.  A .  B e r g l u n d / K M  
C. C o v i n g t o n / E T 2 3  
D.  E. F i , e l d e r / F A 4  
J.  D .  Hodge/FC 
R. D.  Hodge/ET7 
G .  C. M i l l e r / E T 2 3  
J .  P I -  West/AD 

- 

Ames Resedrch C e n t e r  

J .  P .  C1 ayhournc/DE-FSO 
R, c .  €Iock , /AA 

G 
J. R e  Ei.rl.:erne<cr 
A. P .  Boysen 
J .  0. Cappel l . a r i  
K. K. Carpenter  
D .  A. Ch?s!?,ol.i-a 
2). R. Hagncr 
W. G .  ISeffron 
J .  J .  Hihhe r t  
N .  W. Hinners  
W .  PI. Hough 
B.  T .  Howard 
D.  B, J a m e s  
J . Krrnnton 
J . .% e P.lt?n;:i-d 
R. G .  R! i . i ?<! fe ld t  
I. PI .  Ross 
P. S .) Schcienman 
F. N. Schrnidt 
R. L.  S e l d e n  

R ,  L .  Wagner 
J .  E. P?al.do 
Al.1 blemhers, D i v i s i o n  101 
Department 1 0 2 4  F I L E  

i. I . A 1-1 c?, '? 3: s 0 1-1 

J. P,7. T ' i ~ ~ k o  

L. .j 

i -1 

! 'I 

u 
0 



r-1 r l i  

: !  
i. J 

REL.LCOMivl.  I N C .  

ABSTRACT 

SUMMARY 

ATTACHFIENT 

Objectives 

R n  t i on al. e 

IIar&:dre Des c r i  I ' t i on  

T j ~ p i c < ~ l  r i i  ssi ons  

An I n t e g r a t e d  Progra'ii 

. .  . .  - . . . . . , . , . . . . , . . . . . -. .~. . 
~~ ~ ~ 



i 
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TECHNICAL MEMORANDUM 

D .  Maccliia 
14. H .  Slieer 

TP*l-- 6 9 - 1 0 1 3 - 5 

Advclntages zinc! ecol-icxies of cOniiiion har -d~~iare  inclucie lo;.r 
r e s e a r c h  and development c o s t ,  c a s i e r  i n i t i . a t i o n  of I I ~ P I  p r O ~ I ~ i l i 7 1 S I  
low m i s s i o n  liarclware c o s t  rel.i.abi.l.ity and common s u p p o r t  
f a c i  l i t i e s  I) r la jor  riex devel .opme~its  v:o~iI.cl be rcc‘:uceci 1117 hc..lf and 
b e n e f i t s  o f  volume procluction would r e s u l - t  . Kovzever t h e s e  
b e n e f i t s  can  p robab ly  b e  r e a l i z e d  o n l y  i f  programs i n  t h e  t h r e e  
m i s s i o n  a reas  are  c o n c u r r e n t ,  o v e r l a p p i n g ,  or c1osel.y spaced.  

I t  i s  contended  t h a t  m i s s i o n  scale  s h o u l d  be s e t  by . 
fund ing  c o n s i d e r a t i o n s  r a t h e r  t h a n  by a n  a r b i t r a r y  se t  of o b j e c t i v e s .  
Consequent ly ,  mri.nim~~m m i s s i o n s  a r e  proposed--both i n  crew com- 
p lement  arid exper iment  payl.oad. .. 

A c a s e  i s  p r e s e n t e d  which attempts t o  r:?echanize a n  
i n t e g r a t e d  manned program wi. t h  t h e  fewes t poss  i h l c  v e h i c l e s  and 
s e r v e s  t o  i l l u s t r a t e  t h e  p o t e n t i a l  of such  a n  approach .  ?‘he 
hardware. e lements  are t h e  crew support .  m i s s i o n  I ~ G ~ U I C  propu l -  
s i o n  moclule I ( u t i - l i z e d  f o r  major v e l . o c i t y  chs.nges) propulsri.on 
m o d u l e  11- (ernployed for a b o r t  att i tuc!e c o n t r o l  , and low vei .c jc i ty  
mancuvers)  and 311 e a r t h  e n t r y  moc1ul.e. Piss j .on p e c u l i a r  ha.rc!wi?xr? 
i s  c o n s i d e r e d  o n l y  i n  one m i s s i o n  a r e a ,  namely $lars lanc!i.ng, 
s i n c e  t h i s  hardvJare would have major  impact. on  such  a m i s s i o n .  
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The ~1-21,; ~ ~ p p i j ~ t  i ~ ~ O < t ~ I . ~ >  is i?. 1~;:sic r~odu1.e  u n i t  
acIaptaLle to a vax-iety of: mis::j.orls of v a r y i n g  crew s i z e  and 
d u r a t i o n .  D i f f e r e n t  t y p e s  of moi:ules can 123 d e r i v e d  from t h i s  
bas i c  rnodu'le by aclciition or  d e l e t i o n  of s t.iindard.izec1 opti .ons.  
i"'ioc7.ule \:c?.iq? i_ , s i z e  and I . i . f c ~ ~ - . i ~ ~ , ~ z  cop.s"rainto ?.re established t-c 
a s s u r e  v e r s a t i l i t y  of mociule usage  and l aunch  on any of severa l  
launch  v e h i c l e s .  A s i n g l e  module would s u p p o r t  a s p e c i a l i z e d  
e a r t h  o r b i t a l  m i s s i o n  or a l u n a r  base; two modules,  a p l a n e t a r y  
m i s s i o n ;  t h r e e  modules,  a large m u l t i d i s c i p l i n a r y  s t a t i o n .  Common 
module subsystems ( such  as s t r u c t u r e ,  power, l i f e  s u p p o r t ,  
envi ronmenta l  c o n t r o l )  a r e  g e n e r a l l y  p o s s i b l e  s i n c e  t h e y  a re  
u n a f f e c t e d  by t h e  rsnge of operat j .ng envj_ronn?nts. D i f f e r e n t  
rnissi on:; w i l l  of c o u r s e  r e q u i r e  m o d i f i c a t i o n s  t o  some st1bsysteins 
(for c>;2i-q312, ca: micc?t:Lolis) . 

...I. . . . .  - -. - -.---- . .~. . . _ .  . . -... " . . . . . . . .- . .- . . . .  L 
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T h i s  i s  a suinrnary docuincnt. V e h i c l e  and subsystern 
design s t u d i e s ,  and m i s s i o n  analyses, based on t h e  work of mzny 
i i i d i v i d u a l s  l ~ ~ v e  been used throuy1iou.t ‘.I’!le e x t e n s i v e  l i s t  P+ 
r e f e r e n c e s  n o t e s  t h e s e  c o n t r i b u t i o n s  and p r o v i d e s  d e t a i l e d  
backup mater ia l .  
p r o v i d i n g  many of t h e  c e n t r a l  i d e a s  of  t h e  o v e r a l l  p l a n  and much 
of t h e  s u p p o r t i n g  arguments.  C. L. Davis i s  acknowledged for 
c o n t r i b u t i o n s  t o  a l l  phases  of t h i s  e f f o r t .  Arguments d e f i n i n g  
and s u p p o r t i n g  t h e  proposed approach ( p a r t i c u l a r l y  i n  t h e  f i r s t  
trvo s e c t i o n s )  are based on a number of g e n e r a l  r e f e r e n c e s  (1 - 9 ) .  

The a u t h o r s  acknowledge J. M. T s c h i r g i  f o r  
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A p r i r m r y  ob-jectivc 0: this clocwl:eiit is to il-lus-Lratc 
t h a t  a.n i n t e g r a t e d  mznnzd space prograin, encompassing ear th 

r e l c t i v c l y  1.0;: cos l-... The s u g g c s t e d  npproc?c!i i s  based oil m?:zj.n?un 
u t i ] - i z a t i o n  of 'ti at; L of co~miioil 1iardT;r;ire ant! L i rLi i t i i ig  t h e  sca1.e 
(and/or  o b j e c t i v e s )  of i n d i v i d u a l  m i s s i o n s .  I t  i s  no ted  t h a t  
common hardware p e r  se does  n o t  p l a c e  l i m i t s  on t h e  scale of 
i n d i v i d u a l  missions--a  scale l i m i t  i s  a r e s u l t  of cost  
c o n s i d e r a t i o n s .  

' o r b i t a l ,  lunar-,  and p l a n e t a r y  x i s s i o n s  can be ~ i c h i e v z d  a t  

! 
C.J 
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The only fundamental  d c s i y n  con q t 1 - p )  5 11 ts on hard\T-ire . 
arc thos~ iny,c\sed by  na  t u r  a1 1~1.:. s u c  '1 r ' r ' l l s  : -c-ai II L s  ?.re a 
r e s u l t  of t h e  opcrat;.r!y erivironrn~nk, m i s s i o n  length, and a 
minimal hardware c a p a b i l i t y  f o r  t r a n s p o r t  o f  men and payload .  

m i s s i o n  sca le ,  and c o n f i g u r a t i o n s ,  are i n  f a c t  q u i t e  f l e x i b l e  
and can  be c o n t r o l l e d . *  

c Other  f a c t o r s  such  as o b j e c t i v e s ,  s c h e d u l i n g ,  m i s s i o n  s e l e c t i o n ,  r! 

. .  
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Re 1 i abi  li t y  

I t  i s  axiomatic  t h a t  t h e  r e l i a b i l i t y  of a hardware 
sys tem improves w i t h  o p e r a t i o n a l  e x p e r i e n c e .  
l aunch  v e h i c l e s  and t h e  G e m i n i  s p a c e c r a f t  i l l u s t r a t e  t h i s  
p r i n c i p l e  a 

an ext erided t i m c ?  pt\r iocl  assures a hicj5 1 eve1 of r e l i a b i l i t y .  

A t l a s  and T i t a n  

Thus , a ninimun riurnber oi neb: c3c:velopments ~ s ~ d  over 

C OBlZ 0 t i  H k R 0 !'I ,A R E AD V A E I TF, G E S -______- 

0 Lo?/ TOTAL R tf rj C O S T  
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Rppli.ca.tion of comon 1iai:dware i n  d i f f e r e n t  m i s s i o n  . areas requires soi::.c coxproni-se ,  and 3.ccept;ince O F  the fact: that 
-tiict rnission is '1: bc ~ h ~ p e d  5 1 7  the ~l,?r~~:zi;--.--rather t k i 2 i - i  the 
s p a c e c r a f t  be ing  c o n f i g u r e d  t o  preconce ived  m i s s i o n  r e q u i r e m e n t s .  

I 

Common hardware does  not mean " i d e n t i c a l "  hardware.  
M.ssion p e c u l i a r  options, minor m o d i f i c a t i o n s ,  and e v o l u t i o n a r y  
development  i-nprovcments a re  cons ide red  part of t h e  p l a n ,  as 
d i s c u s s e d  l a t e r .  Furthermore,  conmon harciw;?re  docs n o t  ncces-- 
s z r i l y  f i x  m : i s s i . o i i  s i z e .  R e q u i r e m e n t s  for m ~ r e  crew m e n  o r  
propul  si-011 can he I n p t  b \ 7  a d d i t i c ? n ~ : l  ~13.odi:1.cs. 
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A n  examp1 e of d e c r e a s i n g  hard.viare unit c o s t s  with 
\-cl:j.c' i. rl~>,;li],er 5 s giver! i i l  t h e  CII;LT:-?. ~ ~ i . - . : ~ ~ . ~ j . ~ i r ! y  !:,oc:j.n:j air-- 
c r a f t  e x p e r i e n c e  (13) Checkout man-hours, tliough oiily a p a r t  
of t o t a l  p r o d u c t i o n  c o s t s ,  p rov ides  a u s e f u l  i n d i c a t i o n  o f  
o v e r a l l  t r e n d s .  These t r e n d s  a r e  p a r t i c u l a r l y -  a p p l i c a b l e  a f t e r  
development problems of t h e  i n i t i a l  p r o t o t y p e s  a re  r e s o l v e d .  
The most s t r i k i n g  g a i n s  a r e  made d u r i n g  t h e  e a r l y  s t a g e s  of 
p r o d u c t i o n ,  Nanned s p a c e  f l i g h t ,  s i n c e  it i s  invo lved  i n  v e r y  
l i m i t e d  product<-on , can s i m i l a r 1 . y  beneTi t by i n c r c a s i n 9  i t s  
p r o d u c t i o n  rates wi tA a l i m i  t cd  ri~.1w.bcx of new c1ev~1opment.s 

I .  

c . ! 

t 1 
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U s e  oZ conimon hardp7are does n o t  p r e c l u d e  e v o l u t i o i ~ a r y  
improvements. 
d E: vc I. opm..le n t s t h '3 1: p ~ f o  ::i r i  UI c e j.mp :c 0x7 e;::. e II t c; 
c a n  be ach ieved  a t  r e l e L l i v e l y  inodes t  c o s t .  This i s ,  i n  p a r t ,  
due t o  t h e  f i x e d  c o n t r a c t o r  c o s t s  ( i . e . ,  e n g i n e e r i n g  s t a f f ,  

run .  I n  p r a c t i c e ,  t h e s e  s u p p o r t  p e r s o n n e l  c o n t i n u a l l y  w G r l c  a t  
p r o d u c t  improvement i n  a d d i t i o n  t o  t h e i r  r e g u l a r  f u n c t i o n  of 
t r o u b l e  s h o o t i n g .  

I t  h a s  been t h e  expe r i ence  i n  rna.ny s p a c e  hai-cl;.!arc 
i- 17 'r o u.g h II 27: t e cl I 11 o 1 o 5-y . 

* manufac tur ing  r e s e a r c h ,  e tc . )  a s s o c i a t e d  w i t h  any p r o d u c t i o n  

f i  
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Questionel;! here  i s  t h e  n e c e s s i t y  f o r  e x t e n s i v e  n:i.ssion 
sca le  f o r  e a r l y  m i s s i o n s - - l o t h  i.17 cre;4 coi.LIplenelit aj-id exper:ihent.  
o b j e c t i i ~ i i s  Cc!riy; > q v s ~ i t : l y ,  m i i i L y t m  n l i s s i i c l ;  are pl:c>pOr;ci! u I ; t L 1 .  
such  t i m e  t h a t  more r e f i n e d  o b j e c t i v e s  can  be e s t a b l i s h e d .  I t  
i s  b e l i e v e d  t h a t  the p r e s e n c e  of man c o n t r i b u t e s  s i g n i f i c a n t l y  
t o  any m i s s i o n  by p r o v i d i n g  r ea l  - t i m e  c o n t r o l  (no co rmun ica t ion  
d e l a y ) ,  main tenance  c a p a b i l i t y ,  and reduced  au tomat ion  
complexi ty .  A manned m i s s i o n  a l so  permit.s  more complex e x p e r i -  
ments (large, v e r s a t j - l e  t e l e s c o p e s  o r  p l a n e t a r y  sample r e t u r n  
f o r  i n s t a n c e )  
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Tot2 :. -::>acecraft w e i g h t  i s  a useful i n d i c a t o r  of c o s t  
bec:ausc! of i 1 y  1 ' * -  devs l .opxsnt  m c 7 .  rcccj:r4.':g 1.auncii  and. h::~-G-,.:c~rc 
c o s t s .  T h e  ir;:5. *-~;.ted s p a c e c r a f t  we igh t  envelope  (1.5) r e f l e c t s  
e x t e n s i v e  variz--: ' .  5n. i n  payload ,  subsys tems,  env i ronmen ta l  
p e n a l t i e s  ( i . e .  , rr:eteoroid and r d i a t i o n  p r o t e c t i o n  f o r  
d i f f e r e n t  rnissi*,-.s)r and crew s i z e .  Note t h a t  we igh t s  can  d i f f c  
by a f a c t o r  of '.-.-'3 or  more between two p o s s i b l e  p l a n e t a r y  space-  
c r a f t  f o r  a t 4 7 ~ : - : 3 . 1  m i s s ion .  Much of t h e s e  d i f f e r e n c e s  a r e  
su~:,ject. t o  COR: -'- I - - p a r t i c u l a r l y  t h e  payload and crew size 
elernenis. 
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The v e h i c l e  c o n f i g u r a t i o n s  p r e s e n t e d  i n  t h i s  s e c t i o n  
a r e  by no means t h e  only possib1.e ones s a t i s f y i n g  cor!monality 
r.-equj.:retxents . 9u-t: they do rcprcsent  a s e t  of basic veh ic l - e s  
that a r c  c a p a i ~ l e  of p e r f o r n i n q  -the d i f f e r e n t .  n l i s s i o n s .  
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c The proposed h a r d w a r c  concepts  a re  based on dcsicJn 

. d e s i g n ,  h i g h  performance sys tems,  and e v o l u t i o n a r y  growth.  

anci dcvelopl, i~;-i t  ;i_llicS plcs  whicli p e r n i i  veL:,c7ti1.e l o n g  term 
usage.  T h i s  v e r s a t i l i t y  i s  achieved through b a s i c  v e h i c l e  

B a s i c  I V e h i c l e  Design 

The r equ i r emen t  f o r  we igh t ,  s i z e ,  and. env i ronmen ta l  
cornpat-i-bili t i 7  beiwecn mis s ion  areas i s  self e v i d e n t .  E3u-t- less 
obvious i s  t h e  i n i t i a l .  eng inee r ing  and nanufa .c tur iny  p l a n n i n g  
\,7h i c h a L 1 ow s f 03: ti: e in c c) ~p or a t li. o n o f e s s e t i  ti a 1 mi s s L on p e cu 1 i a L̂  
m o c l i f i  ctitioils . I?or ex--"-- c ~ ! L ! p l e ,  P r o ~ ~ ~ l s j . o ; ~  i,Ioc?ule I would be 
ciesignec? t o  accept  a 11.ma.r I-c?11:1cring g e a r .  S . i h i l a r l . y ,  t h e  h e a t  
shie1.d o n  L11c e a r L h  ciitrli I-i;odule wovI.ci vary w i . t h  n:ission u . sc .  

Evolu t - ionary  Growth 
-I -- 

The m i s s i o n s  d i s c u s s e d  h e r e i n  do not r e q u i r e  e v o l u t i o n a r y  
u p r a t i n g  i n  t h a t  t h e  i n i t i a l  hardware dcsi 'gns are c a p a b l e  of per- 
formring t h e  chosen spect.rum of mis s ions .  But eventually, a 
miss ion  r e q u i r i n g  greater  performaice w i l l .  be i c l c n t i f i e d .  The  
posi.ti.cjLi i s  taken t1 i ; i - t  the r e c l u i ~ : e c l  up;ri;tings shoz:!rl p r e f e r a b l y  *, 
be car:i-i.'ed o u t  on t h e  bssi .c  harciuare r a t h e r  t ? i a n  c?cvel~opj.ng 
n c : ~  Iiarc?~varc (i . e o  , reca.2 I De1 L a  launch vehri.cle experience) . 
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' CREW SUPPORT EIODLJLE 

D e s  c r i p t i on 

The crew s u p p o r t  module i s  a bas i c  module u n i t  
a d a p t a b l e  t o  a v a r i e t y  of mis s ions  of v a r y i n g  crew s i z e  and 
d u r a t i o n .  Subsys  terns common t o  a l l  m i s s i o n  a p p l i c a t i o n s  
i n c l u d e  pr imary  s t r u c t u r e  ( p r e s s u r i z e d  volume) ,  a tmosphe r i c  

communications,  equipment mon i to r ing  and checkout ,  an a i r l o c k ,  
and docking  p o r t s .  A d d i t i o n a l  equipment and expendables  a re  
i n c o r p o r a t e d  t o  t a i l o r  modules f o r  s p e c i a l i z e d  usage  such  as 
m i s s i o n  c o n t r o l ,  l i v i n g  q u a r t e r s ,  o r  exper iment  s u p p o r t .  
I n t e r n a l  a r c h i t e c t u r e  ( i . e . ,  c o n t r o l  c e n t e r  c o n s o l e s ,  s l e e p i n g  
q u a r t e r s ,  food  p r e p a r a t i o n  s t a t i o n s ,  exper iment  compartments,  
e t c .  ) can  be mis s ion  c o n f i g u r e d .  For example, cz module s t r i p p e d .  
o f  all 1ivj .ng q u a r t e r s  f e a t u r e s  could  p r n v i  de la .boratory s p a c e  
f o r  an asscmhly of expe r imen t s .  I t  i s  also p o s s i b l e  t o  d e l e t e  
modu1.e power u n i t s  i n  asscmb1.ies o f  several modules. P r o p u l s i o n  
and a t t i t u d e  c o n t r o l  f u n c t i o n s  a r e  s u p p l i e d  by s e p a r a t e  
p r o p u l s i o n  modules. 

. sys t ems ,  t h e r m a l  c o n t r o l ,  power, emergency m i s s i o n  c o n t r o l  and 

A I- iipr e 5 CI r i t a t i. vcl d c! s i. g n n f c cmh i 11 P c? rn i. c; s i o 11 o;? CJ I- t7, t i. o 1-1 .c; / 
l i v i n g  q u a r t e r s  inodule i s  shown o p p o s i t e  (16) . Observe t h a t  
e l imj  n a t i o n  o f  1 . iv ing  q u a r t e r s  fea-tures con-lrol. c o n s o l e s  I and 
the c l i r lock  would c o n v e r t  this module j.n'io a s p a c i o u s  experiment 
she1  1 ~ .  A I - t e r n a t e l y ,  d e l e t i n g  on ly  t h e  c o n t r o l  consol.es I would 

manufac tu r ing  p l a n n i n g  c o u l d  p e r m i t  a number of d i f f e r e n t  module 
t y p e s  to he  d e r i v e d  from a s i n g l e  h a s i c  mod.ule d e s i g n .  

. f r ee  s p a c e  f o r  a d d i t i o n a l  crewmen. Engineer inq  d e s i q n  and 
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CREW SUPPORT MODULE/DESCRIPTION - 

Modular D e r i v a t i v e s  

Types of module d e r i v a t i v e s  a re  e s t a b l i s h e d  by s t a g e s  
(or  p a t h s )  of assembly. All modules have i d e n t i c a l  p r imary  
s t r u c t u r e  ( i . e . ,  o u t e r  wall, p r e s s u r e  s h e l l ,  i n s u l a t i o n ,  and 
s u p p o r t  s t r u c t u r e )  ; a tmospher ic  and envi ronmenta l  c o n t r o l  sys t ems ;  
and a power d i s t r i b u t i o n  network. 
t h e  rnodul-e i s  an empty s h e l l  w i t h  o n l y  t h e  me teo ro id  s h i e l d i n g  
v a r y i n g  t o  s u i t  t h e  i n t e n d e d  mis s ion .  Experiments  c o u l d  be  
housed i n  t h i s  empty s h e l l  w i t h  d a t a  h a n d l i n g  s e r v i c e s  and poyer  
s u p p l i e d  by +n a d j o i n i n g  module. A s  o p t i o n s ,  a n  expe r imen t  
module  cou ld  a l s o  i n c l u d e  i t s  o\*.rii power s o u r c e ,  p r imary  space-  
c r a f t  c o n t r o l ,  arid mis s ion  c o n t r o l .  
cz1.n se;>m.-zte mission o~zrations f r o ~ i i  cre:~i l i v i n g  space j.f an 
acicii t ional l i v i ~ l g  q u a r t - e r s  module i s  provided  on t h e  m i s s i o n .  
T h e  l i v i n s j  quarters module i s  der ;  ved. from an empty s h e l l  by 
add ing  crew and l i f e  s u p p o r t  systems (i .e .', bunks,  g a l l e y ,  hyg iene  
areas, etc.), and a power s o u r c e .  

A t  t h i s  p o i n t  of assembly,  

This  o p t i o n a l  mod.ulc assembly 
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The proposed r!!ission uses  of the crew support modu1.e 
e s t a b l i s h  several .  b a s i c  modulc. d e s i g n  cor i s t ra i  n t s  which a re  
swwmrizec! i n  t h e  ad'oi n i n i j  table.. I t  i s  no';& t h a t  i n  a6di  t i o n  
t o  t h e  s t a t e d  g o a l  of harcl:17are commonality, t h e r e  are w e i g h t ,  
s i z e ,  and l i f e t i m e  c o n s t r a i n t s  which a s s u r e  v e r s a t i l i t y  of module 
usage.  . 
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O p e  I: at. i. on a 1. E n  v i r oiiin c r i  t - - The n n  a 1 Con t r o l 
--I__-c __11---1-- - - l_----_ll__^ 

A com”i~n Tpacecraf  t t h e r i l a l  c o n t r o l  s y s t e n  can  o p e r a t e  
t h r o u g h o u t  t h e  s e l e c t e d  m i s s i o n  range  ( . 5  au t o  2 a u  i n c l u d i n g  
p l a n e t a r y  o r b i t s  and t h e  l u n a r  s u r f a c e )  w i t h  p r o p e r  t h e r m a l  
c o a t i n g  and s u f f i c i e n t  r a d i a t i o n  a r e a  t o  dump power and ECS 
subsys tem h e a t  g e n e r a t e d  onboard ( 2 2 ) .  Major advances i n  the rma l  
c o a t i n g ,  namely development of  o p t i c a l  s o l a r  r e f l e c t i o n  m a t e r i a l  
( a  = . 0 5 ,  E = . 7 7 )  w i t h  e x c e l l e n t  l ong  t e r m  s t a b i l i t y  c h a r a c t e r -  
i s t i c s  make t h e  module the rma l  c o n t r o l  system e s s e n t i a l l y  inde-  
penden t  oE t h e  o p e r a t i n g  cnvironnen t .  

The s nodule c o n f i g u r a t i o n  s e l e c t e d  can  r a d i a t e  s u f f i c i e n t  
h e a t  froin i t s  ou-ter wall t o  accomnodate t h e  power system h e a t  
r e j e c t i o n  and E C S  h e a t  rejection for a c a b i n  power i n p u t  of  a t  
l e a s t  7 kvre. The ac”i.al poq~~er level. depc1id.s on power sys tem 
e f f i c i e n c y  , ECS 6: PCS r e j e c t i o n  t e m p e r a t u r e s ,  r a d i a t o r  area and 
propzr -Lies  , anti tile p o s i t i o n  in space. T h e  c a p a b i l i t i e s  o f  khe 
assun-ied conficJ.ul-a~rior~i ni-e j I! :I i i s t r ~ : t c > c 3 . .  

On t hj s has j  c; a corll_riton tlicvnia 1 design can he used f o r  tile 
ent i re  sy ,c~ct rur ,~  of p o t e n t i a l  missions.  Idinor m o d i f i c a t i o n s  arc  
requ.irc2 for t h e  l u n a r  surrace, low l u n a r  orbit, and p o s s i b l e  
m i s s i o n s  w i t h i n  . 5  au of t h e  sun .  T h e s e  m o d i f i c a t i o n s  are:  

O n  t h e  l una r  s u r f a c e ,  a s o l a r  r e f ’ l e c t i v e  mat o r  a n  
a d d i t i o n a l  r a d i a t o r  must be deployei! and OSR mate r i a l  
must; be used  on t h e  CMM s u r f a c e .  

* I n  a l o w  l u n a r  o r b i t ,  a t r a n s i e n t  t e c h n i q u e  such  a s  
h e a t i n g  and c o o l i n g  s t o r a g e  w a t e r  i s  r e q u i r e d  t o  
hand le  h o t  p o r t i o n s  o f  t h e  o r b i t .  

For p o s s i b l e  m i s s i o n s  l e s s  t h a n  . 5  au t h e  s p a c e c r a f t  
must be end o r i c n t e d  t o  tlle s u n .  
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opera i3i  on a 1 ~ n v  i rcmnc?nt;i!. -.,Me t.e o L o F d 13 rote c t ion 
-Î  .~ ~ .__- I_ 

8 Ffi th  t h e  excep-kj-on of the a s t e r o i d  b e l t s  t.he r r e t eo ro id  
enviroiiinent i n  t h e  reg_i.cns OF i n%erp lane t i+ ry  space and n e a r  p l a n e t  
can be t r e a t e d  as r e l a t i v e l y  uniform ( 2 3 ) .  Hence, f o r  a g iven  con- - f i g u r a t i o n ,  t i m e  dependency i s  t h e  on ly  v a r i a b l e  gove rn ing  me teo ro id  
bumper weight .  - W a l l  t h i c k n e s s  for  m i s s i o n s  of less t h a n  1 o r  2 
y e a r s  a r e  governed by s t r u c t u r a l  r equ i r emen t s  so no a d d i t i o n a l  
s h i e l d i n g  i s  r e q u i r e d .  F o r  m i s s i o n s  of ex tended  d u r a t i o n  a d d i -  
t i o n a l  bumper p r o t e c t i o n  i s  achieved  by v a r y i n g  o u t e r w a l l  weight  
(i.e., t h e  t h i c k n e s s  of t h e  wadi sheets)  . 
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Eadi-at-i ov p x o t c c t i o n  is prc,vFdecl for s p o r a d i c  sol-ar 
f l a r e  e v e n t s .  
r a n g i n g  frorn . 2 5  au  and beyond are of s u f f i c i e n t l y  low ene rgy  
t o  be absorbed  by t h e  o u t e r  s p a c e c r a f t  s h e l l  so  t h a t  t h e  c a b i n  
l e v e l  i s  m a i n t a i n e d  w i t h i n  a c c e p t a b l e  dose  l i m i t s  withoue 
a d d i t i o n a l  p r o t e c t i o n  (24). S t o r m  s h e l t e r  p r o t e c t i o n  p r o v i d e d  
by s p a c e c r a f t  s t r u c t u r e ,  equipment s t o r a g e ,  and consumables i s  
a d q u i t e  f o r  bzselinc mission classes considered. 
i s  maj.iita.j.ned by replacj.~:g c o n s ~ ~ m a l ~ l c s  w i t h  packaged waste 
I!lil t t E: 1: * 

Background r a d i a t i o n  from t h e  sun and cosmic r a y s  
.. 

Shieldring 
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Th e comi.!~o~-i 10.0 d.i-1 l e  de f i r?e d he re  i n  vou l d a l 1 o w  f 1 e x  i b j- 1 i t y  
i n  m i s s i o n  scale  and use ( 2 5 ) .  A s i n g l e  module, c o n f i g u r e d  for - m i s s i o n  coritxul.  and l i v i n g  quarters, cou ld  s u p p o r t  a l u n a r  base 
o r  a specialized e ~ ? - t h  o r b i t a l -  mi s s ion  (i. e .  , astronoiily o r  ear-i-.h 
r e s o u r c e s ) .  T’wo modules (one f o r  l i v i n g  q u a r t e r s  and t h e  o t h e r  

t f o r  m i s s i o n  c o n t r o l )  c o u l d  s u p p o r t  a p l a n e t a r y  m i s s i o n .  S e v e r a l  
modules would s a t j - s f y  t h e  c r e w  s i z e  and exper iment  s p a c e  r e q u i r e -  
ments of a large m u l t i - d i s c i p l i n a r y  space  s t a t i o n ,  ( e . g . ,  S a t u r n  
V launched  space  s t a t i o n ) .  

Estimatcd \:eights based on s t u d i e s  (15 ,  2 6 ,  2 7 ,  2 8 )  are 
surn:n;?-rizcd i.n the a d j  aceii-t t ab le  . 
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Thc PM I ( 2 9 ,  3 0 )  is a l o n g  t e r m  s t o r a g e  T j H 2 / L 0 2  

c r y o g e n i c  stagc ~ i t l i  a g r o s s  weight  of 1 1 0 , 0 0 0  l b s .  Non-vented 
s t o r a g e  t i m e s  i n  excess of 1 y e a r  are a t t a i n a b l e  a t  1 a u  from 
t h e  sun  and i n  t h e  n e a r  earth o r b i t .  

Mission app l . i ca t ions  for PM I (31)  i n c l u d e :  

- A p:ropu.l.sion s-Laai? , to i n j e c t  nianned i n t e r -  
p l a n e t a r y  s p a c e c r a f t  f r o m  e;i.rth c r b i t ,  r e t r o  
at the planet ( ~ a r s  or Venus)  and escape from 
t h e  planet f o r  i h c t  rct.v.rn t r i p  t o  e a r t h .  

! \  

I 
i d  



a 
-I 

Y 

0 
L n  
- J 0  

c 

m 
v) 
0 
CL 
W 

u 
W 

v) 
n. 

r 
w w  
E >  

E -= w 
W 

CT 
U x 
23 

3 

. . .. - . - . . . . . .. . . . -. . -. " ~ . , - -.. .- . - ._ 



PMI S i  z i n y  

Sizincj  of t h e  PN-I is governed by lur iar  and p l a n e t a - r y  
c o n s i d e r a t j  oi^is . TJ~~i!!a~~!lccl! S V  f<:.v!i:t-Ii s-t-292 and c i s l u n . a r  rescti.2 
a p p l i c a t i o n s  accept.  the d e r i v e d  payload  c a p a b i l i t y .  Maximurr; 
s t a g e  performance p o t e n t i a l  fo'r p l a n e t a r y  m i s s i o n s  are r e a l i z e d  
when t h e  s t a g e  i s  used i n  c c n j u n c t i o n  w i t h  a h i g h l y  e l l i p t i c a l  
e a r t h  p a r k i n g  o r b i t  ( f o r  rendezvous and assembly p r i o r  t o  
i n j e c t i o n )  ( 3 2 ) .  

I! P N - I  of 31.0 5: matched t o  e l l i p t i c a l  o r b i t  l aunch  
c c i p i t k i i 3 . . i  i.y of t l i c l  s tcmdc:i:c1 Su', i s  t h e r e f o r e  assumed. 
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. 1'he PIv;-TI is i?. space s t o r a b l e  (FLO>;/iu;etha.iie) propulsion 
s t a g e  oE &ppj:ox.imaLf ly 3 7 , 0 9 0  lh g r o s s  w e i g h L  ( 3 5 ) .  I t  i s  
c a p a b l e  of long  term s t o r a g e  (QJ 2 yrs) in space o r  on t h e  l u n a r  . s u r f a c e .  T h e  PM-I1 performs t h e  fo l lowing  t a s k s :  

Re tu rn ,  from t h e  l u n a r  s u r f a c e ,  of up t o  3 
men i n  an e a r t h  entry module, p l u s  d i s c r e -  
tionary payload. 

I.",_i_dcourse corrections a d .  ;;ltti-i;ude c o n t r o l  
for plane  tai-y s2zcccraf t .  

1-7 
L. J 
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I .  I' 

~ j . ; ~ ? , ~ > - - t ~ - 7 ~ ~ ~  aLbo:cC slid I - L ~ - I ~ ~ ~  ~ - ~ i . ~ . . ~ - n  h a v e  sim! lar pro-- 
p e l l a n t  requireruei1t.s For tlie pi-oposed m i s s i o n  t a s k s .  T h e  

t e m p l a t e d  p l a n e t a r y  mission t r a j e c t o r i e s  (V, < .21 emos) , and 

s i z e s  t-he PM-11. The d e r i v e d  PM-I1 p r o v i d e s  ample p r o p e l l a n t  
€o r  p l a n e t a r y  midcourse c o r r e c t i o n s .  

c a b o r t  AV s e l e c t e d  ( F i g u r e  A )  e n a b l e s  a b o r t  f r o m  most con- 
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Zu-i EI34 is cz.~~c??!.e 02 mi.il.tiple usage  s i n c e  t h e  basic  
f u n c t i o n  of rce tuming rnen from s p a c e  t o  ear th  i s  i d e n t i c a l  i n  
,711. in?: ss:i.on ~.;:c::.s. Stx-u.c-t~x:e, I.! :re s i i p p o ~ t ,  and cnv.i?~or:r!~C~l?Ji-j_l. 
control  subsys tems . ~ ~ : i l d  Gz com.!..jn. ?'ne heat s h i e l d ,  and po r -  
t i o n s  of t h e  communication and G & N  sys tems would be t a i l o r e d  
t o  p a r t i c u l a r  mt s s ions .  But t h e  basic s t r u c t u r e  must be de- 
s i g n e d  €or t h e  worst case -- r e t u r n  from a p l a n e t a r y  mis s ion .  
E i t h e r  Apol lo  EM o r  low L/D c o n f i g u r a t i o n s  c o u l d  be u t i l i z e d .  
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T ~ I  e re 1 at i ve  n i ~ ?  I i t. s o f 3- c=r ye rnu 1.t i _- c i i  s c i p 1- i n  c ve î  s s 
s m a l l  s i n g l e - d i s c j . p l i . 1 ~ ~ ~  space stati.ons have n o t  been c l e a r l y  

4 established ( 3 7 ) ;  n o r  i s  t h e r e  a s t r o n g  1 i .ke l ihood t h a t  t h e y  
w i l l  bi.1 e ~ t ~ b l i s l i ~ + d  V J i t . 1 1  s u r e - t y  w a r r a n t i n g  3 f i r ~ t  coip~n:lt!;~en-'i. 
t o  e i t h e r  one o r  the okhe r .  Smal l  rnociules which can be c l u s t e r e d  
i n t o  a s i n g l e  l a r g e  m u l t i - d i s c i p l i n e  s p a c e  s t a t i o n  p r e s e r v e  t h e  
o p t i o n  of assembl ing  a s m a l l  s i n g l e  module station t a i l o r e d  t o  
s p e c i a l i z e d  t a s k s .  
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T h e  ad] accnt  f i g u r e  d e p i c t s  a r e p r e s e n t a t i v e  nv . I . t i - -  
d i s c i p l i n a r y  space s t a t i o n  assembled from three  common rnodules 
( 3 8 )  . F:xtc:rnaI. experiiim-I.ts svch a s  am a.strnnomy fac i l . t t l 7  ( 3 9 )  
and an ear th senso;. package l o c a t e d  a t  o p p o s i t e  s t a t i o n  ends 
are comple t e ly  a c c e s s i b l e  from t h e  module area. An unmanned 
s a t e l l i t e  s e r v i c e ’ h a n g a r  i s  i n c o r p o r a t e d  i n  t h e  e a r t h  s e n s o r  
s t a t i o n  s e c t i o n .  E x t e r n a l  exper iments  are c o n t a i n e d  w i t h i n  
l aunch  v e h i c l e  i n t e r s t a g e  s t r u c t u r e s .  The common madules a t  
t h e  s t a t i o n  ends  p r o v i d e  l i v i n g  q u a r t e r s ,  p r imary  s p a c e c r a f t  
con t - ro l ,  power, and e x t e r n a l  exper iments .  Data hand.ling and 
co imunica- t ions  ecluipxent c o u l d .  be i n  e i t h e r  end.  module o r  
duplic!atc.d.  Th2 c e n t e r  mod~i3.e i s  a n  exper iment  s h e l l  wll_i.c:h 
t;ips povrer froni the end riiodu.les . Mociu1.e docking p o r t s  a1-l.o~ 
use of m1.lkj.pl-e l o g i  s t i c s  s p z c e c r a f t  fi1-1~1 elixti natc t h e  need 
fox- a separate dockiny- a d a p t e r .  

1 

T h e  riiodular space s t a t i o n  has sevei-a1 s a f e t y  fca-ti.~j:cs ~ 

. Pririi:!ry sI7accci:aE-t f u n c t i o n s  a r e  dup l i ca - t ed  i n  the end ni.cxl.i.il.es 
r. 111 t h i s  ‘“2~ 1 i 1 ~ j ~ > l :  

% .  

1?ioi:i~-!l.c:>>; . !ilr..;:;ir 
of somc crewmen, less poi\Ter, short-e?- 

esp~21:j.iu~:n~ con-t.l:-ol, e k c .  ) b ~ i ( :  j l c ~ t -  

i . ;  

I i  
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The e x t r e n c l y  l n r g e  ~.rcicjhC: ;.\rid cos'i expenditures 
geneiral3.y a s s o c i a t e d  w i k h  p l a n ?  i:a.ry exploration d.en\c.ilil a . thorough reexamination of grouiid r u l e s .  The r e s u l t  of o v e r -  
co:i serv;tiv:: dcsi:::. a . ~ d  ii!S.ss~-oi~ ~.ocic plann! ~g can ult.in).a-kely 
t r i g g e r  added cornplexiky and c o s t  because  of i n h e r e n t  m u l t i -  
p l y i n g  e f f e c t s .  I n  t h i s  c o n t e x t ,  an approach t o  p l a n e t a r y  
e x p l o r a t i o n  i s  proposed i n  which t r a d i t i o n a l  ground r u l e s  are 
r e v i s e d .  

Weight and cost  r e d u c t i o h s  a r e  ach ieved  by i n c o r -  
p o r a t i o n  of all o r  some? of t h e  miss.i.on e l e m e n t s  s h o m  o p p o s i t e .  
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Vdnus svriii7by modes ( 4 3 ,  44 , 4 5 )  a f f o r d  s u b s t a n t i a l  
r e d u c t i o n s  i n  c h a r a c t e r i s t i c  v e l o c i t i e s  f o r  manned Mars s t o p o v e r  
mis s ions  compared t o  s t a n d a r d  opposi t i .on c lass  m i s s i o n s .  I n  
g e n e r a l ,  s u b s t a n t i a l  r e d u c t i o n s  i n  m a s s  i n  e a r t h  o r b i t  r e s u l t ,  
and e a r t h  e n t r y  speeds  are u s u a l l y  below t h o s e  o f  o t h e r  mode 
requi.rernents. To ta l  t r i p  times ( approx ima te ly  5 0 0  t o  6 0 0  d a y s )  
n e c e s s a r y  t o  r e a l i z e  t h e s e  b e n e f i t s  a re  o n l y  about 2 0 8  ( o r  l e s s )  
cjreai.er t l i a n  standard tr.i.p t.irnes Moreover I m i s s i o n  t i m e s  are 

which a:rc 2s nuch 2s 1, 1.00 dal7s I i n c l u d i n g  approxirnat.ely 3 0 0  
c?sys s p ~ i i i  t in t.1-1.~ p l a ~ i ~ G . : ~ r ~  cc?pC-.uz e or l . i t .  
al_~)lri-i.c~.;~:'Lv(? i f i t  s 5 ioii duri!.i :i011 and plane-tai -y s tayt i rne charac-  
t e z i s  tics, coii-juric-Lion clyLss rriissj.ons a r e  d i s c a r d e d  f o r  present. 
pUj :?OSCS desptt:c t h e  very 1.0:,,7 iiv r equ i r emcn t s  associated.  w i t h  
such  rlij: ssioi?:; IIovc?v'e~:, it i s  recognized tlist con junc t ioR  class 

1 - 1 7  shortencc? by compar-i.son to con junc t - ion  c l a s s  missi.ons 

Because  of the un-- 

1.1 :-' c i E l l 1  c~~.)jc:c:..~.vc 
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* 
E1 l i p t j . ~  ~ ? r k i i : g  o r b i t s  for reipidszx:ous and assembly 

p r ov i de s ub s 1; an ti a1 p e r f.0 rman c e i m p  rove  m e n  t s ove r c i r c u 1 a r o r  h i t 
rendezvous by a l l o w i n g  u t i l i z a t i o n  of t h e  f u l l  performance 
c a p a b i l i t y  of  t h e  l aunch  v e h i c l e  f o r  a f i x e d  payload .  E l l i p t i c a l  
o r b i t s  make s m a l l  PM-I class p l a n e t a r y  i n j e c t i o n  s t a g e s  c o m p e t i t i v e  
w i t h  l a r g e r  s t a g e s  (iihich a re  o p - t i n a l  f o r  low o r b i t )  t h u s  e n a b l i n g  
commonality t o  be ach ieved  w i t h  o t h e r  m i s s i o n  classes ( 3 1 ) .  I n  
addS.tion t o  p r o v i d i n g  launch s a v i n g s ,  s i m p l i f  i c a t i o i i  of o r b i t  
o p e r a t i - o n s  r e s u l t  (46). .€I iyhly e c c e n t r i c  o r b i t s  tuned  to one o r  
t i j o  &i.y pC?.7-^ic)ss z l lc i~?  i.ll;-!:ost coyk.incol:ls c ~ : ~ ~ ~ i ~  ,,,,,i-: i c-3" G i i o n S  - an6 tracking , 
siInil .ns to sync:hronous orbit (4.7) ' Rcnd.ezvo~1.s s e n s i t i v i t i e s  on. 
tlie e x L . e n c l e G  ou-tbo~;?-!!c? I c y  i r i a y  b e  rcduced  con!pa:red. t o  c i r c u l a r  o rb i t . .  
!,tore ovc: I' o u-t - o f -0 rh i. .i; 1 ti11 n ch v 7 i  nc'luw pen a 1 t i e c; are s i gn i f i c a n t  1 y 
eased hccausc? of g ~ a t 1 . y  reduc:ed. perturbati.ons of t h e  o r b i t  d u e  
t o  t h a  e a r t h  's oSlc7i;eness c7.s c o q ~ a r e d  w i t h  I.ow a l t i t uc2e  c i r c u l a r  
01 :h i . t~  
ell ipti c;al o:,:lji:i- 6.:.> ~!.c-t  c ~23.;; i.0 he i~:~-nh:i.bi."cli.ve (4 8 )  . E f f e c t s  0 5  s03. i ! . ~  ~ ~ 1 6  lui-iar gx-avit.y on l i fe t imes of  h i g h l y  

V m  A1 !_en z a d i  at i on s hi. e I. c?i. ng requirement .  s i. n e 1.1. i. p t: S- c 3.1- 
~.)?.l-)it-. Z.ZC Ti_(> L.. ~ ~ ~ ~ ~ ~ . ~ ~ ~ . ~ ~ ~ ~ i ~ . ~ ~ ~ ~ . ~  i .~-:c:r~.ased. .froi;i Lo;! e2.x'i.h o:r.-bi:t because 
of t h e  r e l ~ i f i i v e l y  qu ick  passage - ~ ~ ~ o L J . c J ~  t h e  r a d i a t i o n  b e l t s  ( 4 3 )  . 
Dose r a t e  for a two day e l l i p s e  i s  less t h a n  2 rad.s/day w i t h  no 
s h i e l d i n g  other  tha - i  spacecraft s t r u c t u r e .  
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b Elliptic c a p t u r e  r e s u l t s  i n  s u b s t a n t i a l -  s a v i n g s  j n 
c , ~ r i v d l  a n d  de;L,<>.[- i : ~  I 2 'iira1-0ci-- Ly ch? :ges c:oripCi ed to c i r c u l a r  orbit 
c a p t u r e  ( 5 0 ) .  T h i s  i s  dcmonstrated i n  t h e  case of t h e  Venus 
O r b i t e r  mi s s ion  where s a v i n g s  on the o r d e r  of 5 0 %  we igh t  .re- 
d u c t i o n  13y comparison t o  c i r c u l a r  o r b i t  r e s u l t .  T h e  s a v l n g s  
a re  less f o r  Mars percentage-wise  b u t ,  i n  v i e w  of h i g h e r  we igh t  
s e n s i t i v i t y  f o r  Maws c a p t u r e ,  a r e  equally s i g n i f i c a n t .  

I 

L. .i 

c1 



: ?  
. ,  
; I  
1.1 

L. -, 

7 ,  

J 

r .  

I .  
L . . _ I  

L. .! 

i . -1 . .. 
-1 

i. 

r . -.x 

i -1 

n 

>- 
I-- .. 1 

..=! I << 
--r 0 --__I- 

(D 5- 

0 0 

h( O 

0 



c T h e  I4EJ4 vehicle corplcment ( i n c l u d i n g  hangar )  i s  a 
consi.<kJ-ZlJle po?-: :on 01 <lie p a i 7 l o ~ d  out  01 zzr t l i  oi:bit, ~rc-i gh-i 
approx ima te ly  5 0 %  t o  8U: of t h e  manned s p a c e c r a f t .  A s u b s t a n t i a l  
p e n a l t y  i n  added r e t r o p r o p e l l a n t  r e s u l t s  if the &EM i s  p r o p u l s i v e l y  
braked  i n t o  p l a n e t a r y  c a p t u r e  o r b i t .  D i r e c t  e n t r y  can save as  much 
as a SV l aunch  by e l i m i n a t i n g  t h e  r e t r o b r a k i n g  p r o p e l l a n t  for t h e  
FlEIvI c a p t u r e  maneuver. 
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Landing Ni s s i o n  D e s c r i p t i o n  

e lements  i s  b e s t  unde r s tood  by a g e n e r a l  d e s c r i p t i o n  of a coinplete  . manned l a n d i n g  miss ion  p r o f i l e .  S e l e c t e d  d e t a i l s  are s u b s e q u e n t l y  
h i g h l i g h t e d .  
l a n d i n g  m i s s i o n  i s  prcsuined. 

-I --- - 
b 

T h e  iiitex-plziy ?)six:d,~rl thc: v a r i o u s  o p e r a t i o n  and v e h i c l e  

C o n s i s t e n t  w i t h  a m i n i m a l  miss ion  p o l i c y  a t w o  man 

The MEN vehic le  a r r i v e s  i n  t h s  v i c i n i t y  of Mars w i t h  a 
p a r e n t  spacc :c ra f t  which est:ahLishes a hicjh1.y e l l i p t i c a . 1  ( 2 4  t o  2 8  h r s )  
c a p t u r e  o r b i t .  ( T h i s  o r b i t  is n o n - o p t i r a ~ . ~ ~ ~  for m ~ i  sv.rface t o  
o r b i t  r e t v x n  b u t ,  as pi -ev iaus l  y n o t e d ,  i s  d e s i r a b l e  to minirr,izc 
parent moi1ul.r. b r a k i n g  m d  r e t i~ rn  i n j e c t i o n  v e l o c i t i e s :  ) The vchicl-c? 
separztes C r o m  the parent  ship, and descends  t o  the surface o n l y  
a f t e r  the p n i e n t .  spacecraft capture n r a ~ e u ~ 7 e r  i s  ach ieved .  

~ b o r t  c a p a b i . l i t y  i s  plrovic?:ed p r i o r  ’ t o  e n t r y ,  f o r  a 
p e r i o d  of time shortly hefore touchdhwn, and from t h e  s u r f a c e  i n  
the e v e n t  of s u r f a c e  shel-ter f a i l u r e .  S u r f a c e  or  a b o r t  l aunch  
a re  achieved v i a  preprogrammed t r a  j e c  t-orj-es t o  low circv.lar o r b i t .  
A s incj l  e o r h i t  coast. (or 1 . c ; ~ ~ )  i s  al_?!.o\?leI! Lor posi .Lioning and orbit 
d c t e r r n i n ~ % i o n  f roi-ii t h e  parent mocJule. T r a n s f e r  i s  ach ieved  so  
t h a t  the fiW1.l i s  s l i g h t l y  ahead of the p a r e n t  s p a c e c r a f t .  I n i t i a l  
s e p a r a t i o n  i s  n o t  more than several  10’s of m i l e s ,  and closes 
steadj-117. 
the p a r e n t  nodule d u r i n g  t h e  f i n a l  phases of t h e  rendezvous sequence .  
A t  r e t u r n  rendezvous ,  t h e  a s t r o n a u t s  e i t h e r  f l y  t h e  v e h i c l e  i n t o  
a p r e p a r e d  docking  a rea  o r  leave t h e  s p a c e c r a f t  and nianeuver t o  
t h e  main niodule hy EVA. 
a s t r o n a u t s  to l i v e  i n  t.he asceilt stage for perhaps  6 hours b e f o r e  
l a n d i h g  and I or 2 hours  a f - k e r  a s c e n t .  
i s  activated a,nd the as t ronau . t s  t r a n s f e r  to t h e  shelter f o r  t h e  
remainder  o:f s k a y t i m e  d u r a t i o n .  

The MEN a s c e n t  s t a g c  i s  guided by r a d i o  conmiand from 

A nominal mission t h e n  r e q u i r e s  the 

Upon landing the s h e l t e r  
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, Mars Lander Veh ic l e  D e s c r i p t i o n  -.__~.-_-_.___...____I______ 

The MEM i s  co l ipr i sed  o f  a cone o r  Apol lo  shaped e n t r y  
s h e l l  which c o n t a i n s  h e a t  s h i e l d ,  r e t r o p r o p u l s i o n ,  l a n d i n g  gear ;  
t h e  MEM a s c e n t  s t a g e ;  and a l a b o r a t o r y / s h e l t e r  f o r  s u r f a c e  o p e r a -  
t i o n s .  The MEM a s c e n t  s t a g e  houses d e s c e n t  command sys tem c o n t r o l  
i n t e r f a c e s ,  t h e  a s c e n t  c a p s u l e ,  and r e t u r n  p r o p u l s i o n  s t a g e s .  
Abort  c o n s i d e r a t i o n s  n e c e s s i t a t e  t h a t  t h e  a s t r o n a u t s  r i d e  i n  t h e  
MEM a s c e n t  s t z g e  d u r i n g  e n t r y  t o  allow r a p i d  e s c a p e .  

The achievement of mi.nj.murn Wl?V gross weigh t  i s  c o n t i n g e n t  
upon I-.-;inimizing ascent: (&Iars s u r f a c e  t o  or?jj . t)  v e h i c l e  weight.  
T o  a c c o n p l i s h  t h i s  the  a - s c e n t  ~ a p s u 3 . c :  is des igned  solel-y 'co pro- 
v i d e  t r a n s p o r t a t i o n  -to amcl from the  s u r f a c e  of Mars t o  the p a r e n t  
s p a c e c r a f t  i n  p a r k i n g  orb i - t  (54) . N o  e:;peri.!nents a r e  perforined 
e n  r o u t e  and conuuunications and  telemetry a r e  minimal .  There  a r e  
no operat-.ioiis that r e q u i r e  man's  f u n c  t:i o n a l  m o b i l i t y ,  s o  c o m p a c i t  
pc'-ckzginq of t h e  z s c z n t  capsli1.e cim he achi.evc!d. 

.When p o s s i b l e  subsystems are loca- tcd  i n  t h e  d e s c e n t  
s-t;tye. For cxarnple I t h e  rela-t:ively h < : z \ 7 j 7  e n t r y  l a n d i n g  s ~ s ' L F - ~ ~  - ! L L  

(i. e.  , coniputers , guidance I and communications subsysirerns) are 
packaged i n  t h e  d e s c e n t  s t a g e  and connec ted  t o  t h e  ascent /commnd 
' c a p s u l e  by un~b i l . i c l e s  capab le  of be ing  broken i n m e d i a t e l y  i n  case 
of l aunch  f o r  a b o r t .  

I n  t h e  a s c e n t  s t a g e  capsu le  l i f e  s u p p o r t  and environrneiit 
c o n t r o l  are t o  be p rov ided  e n t i r e l y  by t h e  s u i t  l oop .  ( P r e c u r s o r  
l u n a r  s u r f a c e  EVA e x p e r i e n c e  should  p r e c l u d e  t h e  n e c e s s i t y  f o r  
i ndependen t  c a b i n  EC/LSS backup.)  Landing maneuvering i s  
accompl ished  w i t h  remote s e n s i n g  by l a n d i n g  TV and v i d e o  d i s p l a y .  
T h i s  allows more e f f i c i e n t  placement of t h e  a s c e n t  c a p s u l e  and 
minimum packaging  des ign .  

*. 
During a s c e n t  cont inuous  conununications i s  p rov ided  clown 

range  by t h c  p a r c n t  s p a c e c r a f t  t o  which t h e  MEM can respond v i z  
ornni a n t e n n a  by a minimal up l i n k  communications sys tem u t i  l i z i n g  
e q u i p m a i t  i n  t h e  back pack ( 5 5 ) .  T o  r educe  we igh t  i n  t h e  a s c e n t  
c a p s u l e ,  raclL.2 cormand g u j  dance (from the p a r e n t  s p a c e c r a f t )  i s  
employed f o r  a s c e n t  r e t u r n  rendezvous (56). 

Upon c o n s i d e r a t i o n  of t h e s e  and o i h e r  subsystem r e q u i r e -  
ments ( i . e .  , pov~er ,  RCS, e t c . )  it h a s  been e s t i m a t e d  t h a t  t h e  we igh t  
of  a 2 man manned a s c e n t  c a p s u l e  i s  of  t h e  o r d e r  of '1300 lbs (54). 
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PLANETARY MISSIONS/MINIMUM SCALE 

MANNED MARS SURFACE EXPLORATION 
A'-.-' 

. .  , . .  

A l t e r n a t e  Approach knp loy ing  Sur face  Rendezvou's 

Major s u r f a c e  m i s s i o n s ,  i n v o l v i n g  several crewmen and  
a r b i t r a r y  s u r f a c e  s t a y t i m e s  could be  accomplished u t i l i z i n g  s m a l l  
s e p a r a t e  s p a c e c r a f t  which rendezvous on t h e  M a r t i a n  s u r f a c e ,  i n  
l i e u  of a l a r g e r  combined system. ( S g p a r a t e  vehicles would c a r r y  
e i the r  a s i n g l e  crewman o r  an  unmanned s u r f a c e  she l t e r . )  
s a v i n g s  r e s u l t i n g  from s i z e  scaledown a d v a n t a g e s ,  and m i s s i o n  
scale f l e x i b i l i t y  are i n h e r e n t l y  ach ieved .  ( F o r  example,  an  
e a r l y  Mars l a n d i n g  m i s s i o n  could employ a s i n g l e  crewman for  
s e v e r a l  h o u r s  s t a y t i m e . )  
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PLANETARY MI ss IONS /MINIMUM s CALE 

MANNED MARS SURFACE EXPLORATION 

9- _ _  * . . ,  A -+. 

A l t e r n a t e  Approach - MEM Gross Weight Breakdown 

Gross we igh t  of MEM f o r  d i r e c t  e n t r y  i s  e s t i m a t e d  t o  
be  t h r e e  t i m e s  l anded  payload  ( 5 2 ) .  Gross we igh t  of  t h e  combined 
two-man v e h i c l e  i s  abou t  3 5 , 0 0 0  lbs. (Note:  T h i s  i s  s i g n i f i -  
c a n t l y  l i g h t e r  t h a n  p r e v i o u s  concepts ( 6 1 , 6 2 )  because of  minimal  
weight a s c e n t  c a p s u l e  des ign . )  Ti le  siml-1 v e h i c l c  w i t h  4 , 3 0 0  112s 
l anded  payload weighs about 1 3 , 0 0 0  l b s .  Gross weight  for a 
t h r e e  v e h i c l e  n i s s i o n  i s  therefore approximate ly  3 8 , 0 0 0  lbs. 

Probe hangar  weight i s  e s t i m a t e d  to bc approximately 
1 3 , 0 0 0  t o  1 5 , 0 0 0  113s so t h a t  cjrc~ss wcicjht charcjed t o  IGJ2'4 is 
48,000 to 5 3 , 0 0 0  lbs. 
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PLANETARY MISS IONS/MIN IMUM SCALE 

MANNED NARS SURFACE EXJ?LOIIATION 

------ 

- 

9 

A l t e r n a t e  Approach m p l o y i n g  Sur face  Rendezvous - Miss ion  P r o f i l e  

b The m i s s i o n  p r o f i l e  f o r  a two man m i s s i o n  i s  d e s c r i b e d  
f o r  comparison w i t h  the b a s e l i n e  s i n g l e  v e h i c l e  approach.  
t w o  s i n g l e  man v e h i c l e s  and a s e p a r a t e  s h e l t e r  v e h i c l e s  a r e  
employed. 

H e r e  
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MEM WE I GHT BREAKDOWN 

*. . .. , "_ . . -n -- 

MANNED CAPSULE 

ASCENT PROPULS I ON STAGE 

SURk6CE SHELTER 

DESCE?!T STAGE 

VE i i  I C b E  WEIS l i i  

1IliMI;EK OF VEH I C L E S  

T W  E,! I S S  ! 01: VIE I GHT 

STORAGE H A I I G A R  KODULE WE IGHP 

WEIGHT I t ;  EARTH O R B l i  

OHE MA14 VEHICLE 

700 

3500 

3 

- 3&,000 
15,000 

53,000 

TWO MAN VEtI ICLE 
AND SHELTEH 

I300 

6 200 

~;ocIo 

I 

- 35,oeo 
13,000 

48,000 
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MANNED MARS SUWACE EXPLORATION 

MSSR/MEM Commonality 
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% MSSR/MEM CommonaliA .- 
. .  

The figur 'e '  o p p o s i t e  shows v e l o c i t i e s  ach ieved  by un- 
mod i f i ed  one man and t w o  man a s c e n t  s t a g e s ,  o p e r a t i n g  i n  a n  
unmanned mode for  a f i x e d  MSSR m i s s i o n  w i t h  t h e  4 2  lb pay load  
d e r i v e d  i n  Reference  6 3 .  All v e h i c l e s  achieve v e l o c i t i e s  
greater t h a n  31 ,000  f p s ;  more than  s u f f i c i e n t  f o r  l o w  ene rgy  
classes of d u a l  and t r i p l e  p l a n e t  f l y b y  m i s s i o n s  ( 5 7 ) .  V e l o c -  
i t i e s  for these m i s s i o n s  w o u l d  more t y p i c a l l y  be on t h e  o r d e r  
of 2 6 , 0 0 0  f p s  i n  which c a s e  payloads  of 1 8 5  l b  and 4 3 0  lb cou ld  
be c?..chleved. by one and two man vehj c i e s  , respective1.y ~ Higher  
energy (ei: p~iy3  oad) dssiions such ~ I P  t!ic xa r s  " t v i 1 i g h L i 1  f l y b y  
( s i n g ] - e - p l m e t )  in the 3 G , 0 0 0  f p s  to 130,300 fps cli;.ss r e q u i r e  
an added stage. The s-ixpped curve shows MEM launch capabili t y  
w i t h  t h e  c7ddc.d s t z g e  p lus  pa:7lo;ld g r o s s  v;cicj!lC. ecjual i-0 the 

3 5 ,  000 f p s  veloc;i?-.y a:-id 2 7  C X I ~ .  l G 2  lbs f o r  40,000 fljs v e l o c i t y  
rey.c . :3r 'c t i  v ~ 1 - y  fer  fihc 2 . 7 3  tj-pc;; 0.: y2:li5.c]-c::; ~ 

~ ~ e i - c ~ h t  of the I T ~ ~ X I I \ T : ? .  ~F; ; sLI!_~.  P a q 7 l c a . l ~  a1-e 7-7 and 212 l b s  fox- 
- i  

- i  
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# '  P LFN ET ARY MI s s I ow / P OTE NT I AT& MANNED IviiRS 

0 To i l l u s t r a t e  t h e  ex ten t  of s z v i n g s  a t t r i b u t e d  t o  each 
mission e l emen t ,  percent;  r e d u c t i o n s  of i n i t i a l  we igh t  i n  e a r t h  
o r b i t  (IWIEO) are p r e s e n t e d  for a sample p l a n e t a r y  mission ( 1 9 8 2  
manned Mars l a n d i n q )  (66). r 

The b a s i c  m i s s i o n  model assumes d e p a r t u r e  from a low- 
a l t i t u d e  c i r c u l a r  o r b i t  a t  E a r t h , *  p r o p u l s i v e  b r a k i n g  at Mars, 
d e s c e n t  of an e x c u r s i o n  module to t h e  s u r f a c e  of Mars, e v e n t u a l  r: 
rendezvous i n  o r b i t  w i t h  t h e  main s p a c e c r a f t ,  p r o p u l s i v e  deparkuve c- : 

-- f r 3 m  Mars ( a f t e r  j e t t i s o n i n g  t h e  excursion modu1.e) and e n t r y  i n t o  
t h e  ~ ; 1 - t ! l t  s c : [ - : ~ ~ ~ s ; > ! - : ~ ~ e  - a+- 2, s p n n ~ {  e:.cecdi?i[? s ( I , O G O  fps. 

LL - 
E i f - e c i u  cf k h c  1'0l lo; . i l ic j  1 ,LiSSiO; l  pio-Cilc var ia t ioi is  ai-e 

CoIr;p;-1Le;3 : f - 1  
I 

*To e s t a b l i s h  comrnon e a r t h  l a u n c h  c o n d i t i o n s .  



S e n s i t i v i t y  t o  MEM weight i s  somewhat less pronounced 
i n  t h e  1982 mission t h a n  i n  g e n e r a l  because  of t h e  l o w  Mars 
arrival spaed +nd s - & s t a i t i d l y  h i g h e r  d c p a r l u z  spzcc?. a s s o r i c ? . t ~ d  
w i t h  t h i s  p a r t i c u l a r  y e a r .  
arr ival  and d e p a r t u r e  speeds  a re  more even ly  matched and i n  o t h e r  
cases t h e  a r r iva l  speed i s  s u b s t a n t i a l l y  h i g h e r  t h a n  t h e  d e p a r t u r e  
speed .  I n  t h o s e  y e a r s  s e n s i t i v i t y  t o  MEM we igh t  and t h e  e f f e c t  
of MEM s e p a r a t i o n  p r i o r  t o  o r b i t  c a p t u r k  w i l l  be  n o t a b l y  i n c r e a b t d .  

I n  many o t h e r  m i s s i o n  o p p o r t u n i t i s s  t h e  

PERCENT WEIGHT REDUCTION OF I N I T I A L  WEIGHT I N  EARTH ORBIT 

63 

CREW SiZE EFFECTS 

TOTAL REDUCT 10;;s ( M  I SS I ON R O D E  PLJS GREWs S t Z E )  76 
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